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5 METHOD AND STRUCTURE OF A DISPOSABLE REVERSED SPACER 
PROCESS FOR HIGH PERFORMANCE RECESSED CHANNEL CMOS 

DESCRIPTION 

Field of the Invention . 
1 0 The present invention relates to complanentary metal oxide semiconductor (CMOS) 
devices, and more particularly to a recessed channel CMOS device that has low series 
resistance and improved short-channel characteristics. The present invention also 
relates to a method of febricating such a recessed channel CMOS device. 

15 Background of the Invention 

Over the past twenty- five years or so, the primary challenge of very large scale 
integration (VLSI) has been the integration of an ever-increasing number of metal oxide 
semiconductor field effect transistor (MOSFET) devices with high yield and reliability. 
This was achieved mainly in the prior art by scaling down the MOSFET channel lengdi 

20 without excessive short-channel effects. As is known to those skilled in tiie art, short- 
channel effects are the decrease of threshold voltage in short-channel devices due to 
two-dimensional electrostatic charge sharing between the gate and the source/drain 
dififiision regions. 

25 In recent years, and as channel lengths are being scaled below 0. 1 |im, SOI 
complementary metal oxide semiconductor (CMOS) technology has received 
considerable interest in VLSI for its potential low-voltage, low-power, and hi^-speed 
advantages in comparison to bulk CMOS devices. As known to those skilled in flie art, 
SOI structures include an insulating layer, i.e., buried oxide region (BOX), that 

30 electrically isolates a top Si-containing layer from a bottom Si-containing layer. The 
top Si-containing, i,e,, the SOI layer, serves as the area in which electronic devices such 
as CMOS devices can be fabricated. 
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Thin film SOI CMOS devices, such as SOI MOSFETs, in which the top Si-containing 
layer has a thickness of about 20 nm or less, are of special interest due to improved 
isolation, reduced parasitic capacitance as well as the reduction of short-channel and 
floating body effects that can be obtained from such technology. Despite the known 
5 advanta^ with thin jGlm SOI technology, processing challenges exist which 
substantially hamper tfie use of thin SOI MOSFETs in semiconductor integrated 
circuits. For example, prior art processes for fabricating SOI MOSFETs have difficulty 
in forming a thin (20 nm or less) SOI channel region. One prior art technique to obtain 
very thin SOI channels is to recess the channel while protecting flie S/D regions. This 
1 0 prior art technique ensures that the series resistance of the device can be kept small 
since the S/D regions can be made as thick as desired. However, in existing recessed 
channel tedmology, it is difficult to forai extension and halo implant regions having 
abrupt, i.e., sharp, lateral profiles that overlap the gate edges. 

15 In view of the above-mentioned drawbacks with fabricating prior art thin SOI 

MOSFETs, there exists a need for providing a new and in^oved method for febricating 
recessed channel MOSFETs which have a thin SOI device channel region as well as 
adjoining extension and halo implant regions having abntpt lateral profiles that overlap 
the edges of the gate region. 

20 

SunriTnary nf % Ti^v<»ntif>n 
One object of the present invention is to provide a higji-performance recessed channel 
CMOS device. 

25 Another object of the present invention is to provide a recessed diannd CMOS device 
in whidi flie short-channel effects and series resistance have been substantially 
minimized. 

A further object of the present invention is to provide a recessed channel CMOS device 
30 in whidi the extanal resistance of the device is not substantially degraded. 
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A yet further object of the present invention is to provide a recessed channel CMOS 
device in which the extension implant regions adjoining the recessed channel have an 
abrupt lateral profile. TTie term "abrupt lateral profile" as used herein for extension 
implant regions denotes a lateral drop of 1 decade in concentration in 50 A or less 
5 distance for n-extensions and 1 50 A or less for p-exteasions. 

An even further object of the present invention is to provide a recessed channel CMOS 
device in which the extaision implant regions overlap the edges of the gate region. 

} A stfll even further object of the present invention is to provide a recessed channd 

CMOS device in which the halo implant regions have an abrupt lateral profile. For halo 
implant regions, the tenn "abrupt lateral profile" denotes a lateral drop of 1 decade in 
concentration in 700 A or less distance for n-halos and in 400 A or less for p-halos. 

These and other objects and advantages are achieved in the present invention by 
utilizing a method wherein disposable, i.e., sacrificial, spacere are present during the 
febrication of flie recessed channel and the source^diain regions, but are removed just 
prior to formation of the extension implant regions. This ensures that the extension 
implant regions as well as the halo implant regions have an abrupt lateral profile that 
extends beneath the edges of the gate region of the MOSFET device. 

Specifically, and in one aspect of the present invention, a recessed channel CMOS 
device is provided, accordance with this aspea of the present invention the recessed 
channel CMOS device comprises: 

an SOI layer having a recessed channel region and adjoining extension implant regions; 
and 

at least one gate region present atop said SOI layer, wherein said adjoining extension 
implant regions have an abrupt lateral profile and are located beneath said gate region. 
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Tlie inventive device may optionally include adjoining halo implant regions that also 
have an abnipt lateral profile that extends beneath the edges of the gate region. 

Another aspect of the present invention relates to a method of fabricating the above- 
mentioned recessed channel CMOS device. Specifically, the method of the present 
invention comprises &e st^ of: 



providing a patterned oxide layer over an SOI layer, said patterned oxide layer exposing 
a portion of said SOI layer, 

thinning the exposed portion of the SOI layer to form a recessed channel region; 
forming a gate dielectric on said recessed channel region; 

forming sacrificial nitride spacers on portions of said gate dielectric so as to protect 
exposed walls of said SOI layer and said oxide layer and forming a gate conductor on 
other portions of the gate dielectric not containing said sacrificial nitride spacers; 

recessing the oxide layer exposing SOI layer abutting the recessed channel region; 

fonning source/drain dilGfiision regions in said exposed SOI layer abutting the recessed 
chaimel region; and 



removing the sacrificial nitride spacers and forming extension and optional halo implant 
regions in said SOI layer such that said extension and optional halo implant regions 
have an abrupt lateral profile and are located beneath the gate conductor. 

After the extension implant regions are fomied, the inventive method fiuther includes 
forming insulator spacers on exposed sidewalk of the gate conductor. 
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Brief Descrip tion of the Drawin<rt 
FIGS M2 are pictorial representations illustrating the basic processing steps that are 
employed in forming the inventive recessed channel CMOS device. 

^ Detailed Description of the Invention 

"Hie present invention, which provides a recessed channel CMOS device having 
minimized series resistance and short-channel effects and a method for fabricating the 
same, wUl now be described in greater detail by referring to the drawings that 
eu^company the preset application. 

10 

FIG 1 illustrates an initial SOI stmctiire that can be employed in the present inv^tion. 
Specifically, the SOI structure shown in FIG 1 comprises bottom Si-containing layer 10, 
i.c., the Si-containing stibstrat^ insulating layer 12 present atop bottom Si-containing 
layer 10, and top Si-containing layer 14 present atop the surfece of insulating layer 12, 
1 5 The term "Si-containing layer" as used herein denotes a naaterial such as Si, SiGe, 
SiGeC, Sic and other like Si-containing materials. The insiilating layer is typically a 
buried oxide region. 

The SOI structure shown in FIG 1 is fabricated using techniques well known to fliose 
skilled in the art For example, the SOI structure illustrated in FIG 1 may be formed by 
a thermal bonding process, or alternatively, the SOI structure may be formed by an 
oxygen implantation process which is refened to in the art as a separation by 
implantation of oxygen (SIMOX) process. In some embodiments, the SOI structure is 
formed by depositing or thermally growing an insulating layer atop a surface of a Si- 
containing substrate and thereafter depositing a top Si-containing layer on a surface of 
the previously deposited insulating layer. 

The top Si-containing layer of the SOI structure (hereinafter SOI layer 14) may have a 
variable initial thickness depending vpon the technique used in forming the same. 
Typically, SOI layer 14 has an initial vertical thickness of from about 10 to about 250 
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nm, with an initial thickness of from about 25 to about 50 mn being more highly 
preferred. The thickness of the underlying insulating layer 12 and bottom Si-containing 
layer 1 0 is not aritical to die present invention. 

5 In some instances, and especially when the SOI layer has an initial thickness of greater 
than 50 nm, it may be necessary to thin SOI layer 14 from its initial thickness to a 
predetennined thickness that is about 50 nm or less. This optional thinning step of the 
jpresent invaition is carried out using a technique well known to those skilled in the art. 
For example, the SOI layer may be thinned by chemical-mechanical polishing (CMP), 
10 grinding or a combination ofthennal oxidation and etching. When thermal oxidation 
and etching are employed to thin SOI layer 1 4, the etching step may be carried out 
using any conventional dry etching process such as reactive-ion etching, ion beam 
etching or plasma-etching. 

15 Next, a pad oxide layer (labeled as element 16 in FIG 2) is foimed atop SOI layer 14 by 
a conventional thermal oxidation process. Alternatively, pad oxide layer 1 6 may be 
formed by a deposition process, such as chemical vapor deposition (CVD), plasma- 
assisted CVD, evaporation, or diemical solution deposition. Pad oxide layer 1 6 formed 
at tills point of the inventive process is a thin oxide layer having a thickness of from 

20 about 5 to about 20 nm. 

Tieach isolation regions 18 (See, FIG 2) are then formed in the SOI structure by 
utilizing lithography and etching. The lithographic step employed in the present 
invention includes applying a photoresist (not shown) to a surface of pad oxide 16; 
25 exposing the photoresist to a pattern of radiation (in the present case a trench pattern is 
formed), and developing the pattern into the photoresist by utilizing a conventional 
resist developer. The etching step, which is used to transfer the trench pattern into the 
pad oxide layer and the SOI structure, includes any conventional dry etching process 
such as reactive-ion etching, ion beam etching, plasma etching laser ablation or any 
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combination thereof. A single etching process may be employed, or alternatively, mon 
than one etching process may be employed to fonn trenches in the SOI structure. 

After trenches have been fonned in the SOI stracture, the trenches are filled with a 
5 trench dielectric material such as a higfa-density plasma oxide or TEOS 

(tetraethyloithosilicate) using conventional deposition processes well known to those 
skilled in the art In some embodiments of the present invention, the walls of the 
trenches are lined With a liner material, such as SiOj or Si3N4, prior to filling of the 
trench with a trench dielectric material. After the filling process, a conventional 
1 0 planarization process and/or densification process may be perfonned on the structure. 

Next, and as illustrated in FIG 3, pad oxide layer 16 is removed ftom the surfece of SOI 
layer 14 using a stripping process that is highly selective in removing oxide and 
thereafter the exposed portions of the SOI layer are subjected to implantation and 
15 annealing using conditions that are well known to those skilled in the art so as to form 
well regions (not specifically shown) in the exposed portions of the SOI layer. For 
example, the well regions may be fonned by ion hnplanting a p-type dopant into the 
SOI layer using an ion dosage of about 1E12 to about 1E13 atoms/cm^ and the 
annealing may be carried out at 1 000*0, for 5 seconds in Ar. 

20 

Sacrificial oxide layer 20 (See FIG 4) is fonned on the SOI layer utilizing a 
conventional deposition process such as CVD, plasma-assisted CVD, evaporation or 
diemical solution deposition. Note that during the etching process upper portions of the 
trench isolation regions are removed such that the trench isolation regions are coplanar 
25 with SOI layer 14. Sacrificial oxide layer 20 which may be comprised of TEOS or a 
high-density plasma oxide has a thickness of from about 50 to about 200 nm, with a 
thickness of from about 100 to about 150 nm being highly preferred. 

After formation of sacrificial oxide layer 20, a plurality of opeaiings 22 (one of which is 
30 shown in FIG 5) is fonned in the sacrificial oxide layer using lithography and etdiing. 
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The etching step employed at this point of the present invention exposes portions of the 
underlying SOI layer. The exposed portions of the SOI layer represent the area whereat 
the recessed device channel of the CMOS device will be fabricated. It is noted that 
althou^ the drawings of the instant application illustrate a single opening, the inventive 
5 method works equally well when a plurality of openings are formed in the sacrificial 
oxide layer. 

The structure shown in FIG 5 may also be formed using a replaconent gate process. In 
such a process, a dummy gate (not shown) is first applied and patterned on portions of 
10 the SOI layer. TEOS or another like sacrificial oxide is then deposited and planarized to 
an upper surfece of the dummy gate by chemical-mechanical polishing (CMP). After 
oxide formation, the dummy gate is removed providing the structure shown in FIG 5. 
The replacement gate process is preferred in instances where small feature sizes are 
desired. 

15 

After forming the openings, the exposed portions of SOI layer 14 is then thinned to a 
thickness that is less than the thickness of the abutting SOI layer. Typically, the 
exposed SOI layer is thinned to a thickness of jfrom about 5 to about 20 mn at this point 
of the inventive process. The resultant structure including thinned device channel, i.e., 

20 the recessed channel region, 24 is illustrated in FIG 6. The thinning of the device 

channel may be performed usiijg chanical downstream etching, reactive-ion etching or 
a combination of thennal oxidation and etdiing. The latter technique may be repeated 
any number of times. When thinning is achieved by thermal oxide aiui etching, the 
etching step may include a chemical oxide ronoval (COR) process that is carried out at 

25 relatively low pressures (6 millitoir or less) in a vapor of HF and NH3. 

Next, gate dielectric 26 and sacrificial nitride spacers 28 are formed atop the thinned 
device channel providing the stracture shown, for example, in FIG 7. Gate dieJectric 26 
is formed atop the thinned device channel region utilizing a conventional deposition 
30 process. Alternatively, gate dielectric 26 may be fomied by a thermal oxidation, 
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nitridation or oxynitridation process. Combinations of the aforementioned processes 
may also be used in foiming the gate dielectric. The gate dielectric 26 may be 
composed of any conventional dielectric including, but not limited to: SiOj, Si3N4, 
SiON, Ti02, AI2O3, Zr02, HfDj, TazOj, and LajO^ Gate dielectric 26 may also 
5 comprise any combination of the aforementioned dielectric materials. 

After gate dielectric 26 has been formed, sacrificial nitride spacers 28 are fonned atop 
gate dielectric 26 so as to cover the exposed vertical walls of sacrificial oxide layer 20 
as well as the exposed vertical sidewaUs of the thicker SOI portion. Sacrificial nitride 
10 spacers 28, which are formed by deposition and etching, may also be referred to as 
reversed disposable nitride spacers since the spacers are formed prior to the formation 
of the gate inside the gate opening and are removed after source/drain implantation and 
annealing. In a normal process flow, the spacers are fonned after the gate conductor 
outside the gate opening and they remain in the structure throughout Ae entire process. 

15 

Gate conductor 30 is formed atop gate dielectric 26 by a conventional deposition 
process (such as CVD, plasma-assisted CVD, plating, sputtering and etc.) followed by 
planarization and recessing. Gate conductor 30 may comprise any conductive material 
including, but not limited to: polysilicon; a conductive elemental metal such as W, Cu, 

20 Pt, Ag, Au, Ru, fr, Rh, and Re; alloys that include at least one of the aforementioned 
conductive elemental metals; silicide or nitrides that include at least one of the above- 
mentioned conductive elemental metals; and combinations thereof. Whai a 
combination of conductive materials is employed, an optional diffusion barrio material 
such as TaN or WN may be formed between the conductive materials. The resultant 

25 structure that is formed after gate conductor 30 has been formed is shown, for example, 
in FIG 8. 

A highly preferred conductive material employed as gate conductor 30 is polysilicon. 
When a polysilicon gate conductor is employed, the polysilicon gate conductor is 
30 formed by deposition, planarization, ion implantation and annealing. The annealing 
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conditions used at this point of the present invention in fbnning the polySi gate 
conductor may vary. Exemplaiy annealing conditions that may be employed in the 
present invention include: lOOOX for 5 seconds. 

5 Reference is now made to the structure shown in FIG 9 which is formed after the 
followingprocessingstepshavebeencamedout: First, saoifidal oxide laya- 20 is 
removed from the structure using an etching process that is highly selective in removing 
oxide. Note that SOI layer 14 abutting the thinned device channel region is exposed 
after this step of the present invention. Source/drain regions 32 are then fonned into the 
10 abutting SOI layer that is thicker than the recessed channel region by utilizing a 

conventional ion implantation process, followed by amiealing. Because of the presence 
of the sacrificial nitride spacers during source/drain implantation and annealing, the 
source/drain regions do not substantially encroach upon the recessed device channel 
region. 

15 

At this point of the present invention, sacrificial nitride spacers 28 are removed from the 
structure utilizing a conventional etching process that is highly selective in removing 
the nitride spacers providing the structure shown in FIG 1 0. Following the removal of 
sacrificial nitride spacers 28 from the structure, thin oxide layer 34 is formed on the 
20 exposed vertical sidewallsofSOI layer 14 and gate conductor 30 utilizing a 
conventional oxidation process. The thin oxide layer formed at this point of the 
inventive process typically has a thickness of from about 3 to about 6 rnn. 



Next, extension implant regions and, optionally, halo implant regions are formed into 
25 the stmcturc utilizing conventional ion implanting and annealing. Note that the 
extension implant regions, and optionally, the halo implant regions are implanted 
through the small opening that is near the gate edges. In accordance with the inventive 
metiiod, the extension implants and, optionally, the halo implants may be performed 
usmg low implantation energies, on the order of about 5 kcV or less for the extensions, 
30 10 keV or less for n-halo and 70 keV or less for p-halo, and the activation annealing 
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may also be carried out at relatively low thennal budgets, such as with spike anneals. In 
some embodiments of the present invention, a slight angled implant of about 10* or less 
may be used in forming the extension implant regions and 30* or less for the optional 
halo implant regions. 

FIG 1 1 shows the resultant stracture that is fomied after thin oxide layer 34 arid the 
extension implant regions (and optionally, fte halo implant regions) are foimed. In this 
drawing, reference numeral 36 denotes the extension implant regions and reference 
numaral 38 daiotes the optional halo implant regions. 

FIG 12 shows the structure that is formed after permanent spacer 40 is formed atop the 
SOI layer. The permanent spacers, which may be composed of an oxide, nitride, 
oxynitride or any combination thereof, are formed by deposition and etching. 

15 Next, raised source/drain regions (not shown) may be optionally formed atop the 
surfece of the source/drain regions by epitaxially growing an epi Si layer thereon. To 
either the raised source/drain regions or to the previously formed source/drain regions, 
salicide regions (not shown) may be formed using a conventional salicidation process 
that includes, for example, forming a refractory metal such as Ti, Co or Ni on Si 

20 surfaces; heating the structure to fonn sihcide regions; and thereafter removing any 

non-reactive metal that was not silidded during the heating process. Note that when the 
gate conductor is polysilicon, a salicide region is formed in the upper exposed portion 
of the polysihcon gate conductor unless appropriate steps (such as block mask 
formation) are taken to prevent the formation of a salicide region in the polysihcon gate 

25 conductor. 

The sti^icnire shown in FIG 12 includes an SOI structure that comprises bottom Si- 
containing layer 10, insulating layer 12 present atop Si-containing layer 10, and SOI 
layer 14 which includes a recessed channel region 24 and abutting thicker source/drain 
30 regions 32. Gate region 50 which is comprised of at least gate dielectric 26 and gate 
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conductor 30 is present atop at least a portion of thinned device channel region (i.e., 
recessed channel region 24). The structure shown in FIG 12 also includes extension 
implant regions 36 that have an abrapt lateral profile. The structure may also include 
haJo regions that are laterally abrupt As shown, the extension implant regions overlap 
5 the gate region of the invaitive recessed diannel CMOS structure. 

While ttie present invention has been particuiarly shown and described witfi respect to 
preferred embodimaits thereof, it will be understood by those skilled in tlie art that the 
foregoing and other dianges in forms and details may be made without departing from 
10 the spirit and scope of the present invention. It is therefore intended that the present 
invention not be .limited to the exact foims and details described and illustrated, but fall 
within the spirit and scope of the appended claims. 
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